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At the highest level of racing, the design of the race course is done by officials or
specialized course creators. When these routes are designed, they have to consider
multiple additional factors such as terrain type, cities sponsoring to be the finish or
start location and the suitability of the roads, finish and departure area for the race
caravan and the involved logistics providers. Undoubtedly, road safety is a very
important factor in this equation, but sometimes the safety of certain sectors of
the course is not appropriate for a group of around 150 cyclists. In order to cope
with this issue, this paper presents a data-driven course evaluation methodology
that inspects the safety of roads tailored to road bicycle racing.
The proposed data-driven approach - currently implemented and evaluated in our
project with the Union Cycliste Internationale - uses a combination of automatic
geospatial analysis, computer vision and machine learning to give an indicative race
course safety score. The current version of our workflow uses OpenStreetMap
(OSM) insights, turn detection and stage type / bunch sprint classification for the
geospatial analysis and road segmentation and an extensible object detector for
visual analysis of GoPro video footage and Streetview images. These multimodal
features are used to create a mechanism that penalizes dangerous elements on the
route based on the remaining distance and the generated penalties with its relative
importance factors. This results in a comprehensive safety score along with a
detailed breakdown of the most concerning passages on the course.
An overview of our methodology to quantify the safety of cycling race courses can
be seen in Fig. 1. The input (i.e., course of the race, road modifications, a visual
representation of the course and insights from a historical incident database) is
very crucial as automatic parcours safety scoring is only possible if enough data is
available and if it was delivered in a digital, computer friendly way. In the next step
the analysis of the provided data is performed. The analyses provide a quantitative
measurement of the different areas of concern when analyzing the safety of a
parcours. The analysis can be divided in two different subcomponents: geospatial
analysis and computer vision-based analysis. The results/scores of both
subcomponents are combined in the final safety score for each course segment
and weighted with their corresponding weight factors (chosen by the end user).
Segments with high scores are highlighted as dangerous points on a map.
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Fig. 1: Proposed data-driven course evaluation mechanism.

The goal of the geospatial analysis is to convert a list of coordinates into a set of
actionable safety insights based on algorithms and a geospatial database such as
OpenStreetMap (OSM). An example of such an insight is the likelihood of a bunch
sprint, that is currently estimated using a Random Forrest classifier that has been
trained on gpx files and race results of 1241 races - resulting in an accuracy score
of 83% and an F1-score of 82%. The computer vision based analysis starts with the
semantic segmentation of the recorded footage into road features using the
panoptic_fpn_R_101_3x semantic segmentation model in the Detectron2 model
zoo [1]. On the resulting road segments, road deteriorations (such as potholes or
cracks) are detected using a similar YOLO v5 model as the one discussed in [2].
Furthermore, a traffic infrastructure object detector has been developed to detect
zebra crosswalks, manholes, catch basins, traffic signs, low poles and traffic island
signalisation poles. The model currently achieves a mean Average Precisions
(mAPs) of 17%, 54%, 45%, 83%, 92% and 94% for each of the mentioned classes.
Using the proposed methodology, successful course evaluations have been done
for the 2021 editions of the Tour de Pologne and the Benelux Tour, and more races
will follow. Future work will also focus on proposing alternative/better
paths/courses, based on our smarterRoutes research [3] and related work [4].
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